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1.0  INTRODUCTION 


From  a  list  of  hard-to-procure  secondary  items  needed  as  spares  for  the 
Army’s  20-ton  Rough  Terrain  Crane  Program,  the  government  had  identified  two 
items  as  being  obsolete.  These  obsolete  items  were:  Steering  Mode  Selector  (SMS) 
Hydraulic  Valve  (Drawing  97403- 13208E64 30)  for  the  M2380  model  cranes;  and 
Front  Axle  (Drawing  97403- 132 13E9493-2)  for  the  M2380  and  M2385  model  cranes. 

A  task  order  was  issued  to  Vitro  Corporation  under  Contract  DAAK70-92-D- 
0002  to  locate  potential  replacements  for  the  obsolete  valve  and  front  axle  and  identify 
the  modifications  required  to  install  them  on  the  crane.  Following  government 
approval,  Vitro  was  to  purchase  the  items,  perform  the  necessary  modifications, 
install  the  items  on  government  furnished  cranes,  and  test  the  cranes.  Following 
successful  testing  Vitro  would  prepare  the  necessary  technical  documentation  for  the 
government  to  continue  competitively  procuring  repair  parts  without  compromising 
quality  or  reliability. 

Approximately  seven  months  after  task  award,  the  Department  of  Army  (DA) 
made  a  program  decision  to  discontinue  support  for  the  M2380  and  M2385  models. 
This  left  only  the  M320  model  rough  terrain  crane  in  the  active  Army  fleet.  At  that 
point,  the  replacement  valve  and  associated  hardware  had  been  identified,  a  sample 
procured  and  bench  tested;  mounting  brackets  and  panel  modifications  had  been 
designed,  fabricated,  and  the  components  assembled  for  installation  and  verification 
testing  in  the  M2380  crane.  As  a  result  of  Vitro’ s  inquiries  on  the  front  axle,  Clark- 
Hurth,  the  original  axle  manufacturer,  had  proposed  to  the  Army  that  they  go  back 
into  production,  subject  to  a  minimum  buy  agreement. 

Because  of  the  DA  program  decision,  however,  all  on-going  task  efforts  were 
stopped.  The  task  order  was  modified  to  return  the  M2380  crane  to  its  unmodified 
condition  -  or  as  close  thereto  as  possible,  the  M2380  and  M2385  model  cranes  were 
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to  be  returned  to  government  control,  all  completed  efforts  were  to  be  documented, 
and  remaining  resources  were  to  be  focused  on  other  obsolete  or  difficult  to  procure 
items  associated  with  the  M320  model  cranes. 

This  report  documents  the  replacement  valve  and  axle  efforts  and  is  organized 
as  follows:  Section  1  provides  an  introductory  overview.  Section  2  summarizes  the 
SMS  valve  effort;  Section  3,  the  front  axle  effort;  Section  4,  the  M2380  restoration 
effort;  and  Section  5  provides  a  chronology  of  task  order  milestones  and  events. 

2.0  HYDRAULIC  VALVE 
2.1  Engineering  Analysis 

A  detailed  engineering  analysis  was  performed  to  determine  the  characteristics 
of  an  optimum  replacement  valve  from  the  standpoint  of  performance,  availability, 
and  cost.  The  analysis  consisted  of  evaluating  the  obsolete  valve  as  to  form,  fit,  and 
function;  and  identifying  its  specific  operational  characteristics.  Since  the  operating 
characteristics  of  the  obsolete  valve  were  not  specified  on  Drawing  97403- 
13208E6430,  a  functioning  valve  was  removed  from  a  M2380  crane  and  subjected  to 
hydraulic  bench  tests  to  determine  its  characteristics.  With  this  information, 
alternative  commercial  valves  were  analyzed  for  their  suitability  as  a  replacement. 

The  results  of  the  engineering  analysis  with  a  recommendation  for  a  replacement 
valve  were  documented  in  a  report  provided  to  the  government.  A  copy  of  this  report 
is  provided  as  Appendix  A  and  includes  a  comparison  of  hydraulic  flow 
characteristics  for  both  the  obsolete  and  recommended  replacement  valves.  The 
recommended  replacement  was  a  Cross,  AD  series,  hydraulic  valve. 

During  the  analysis  of  valve  requirements,  a  severe  oscillation  was  noted  in 
the  M2380  crane  steering  system.  The  oscillation  appears  to  be  inherent  in  the  design 
and  is  attributed  to  the  use  of  two  hydraulic  servoloops  in  series  such  that  a  180  phase 


2 


reversal  occurs,  producing  a  hydraulic  oscillation  whenever  the  loop  gain  exceeds 
unity.  A  suggestion  for  eliminating  this  condition  is  provided  in  Section  9.0  of 
Appendix  A,  Engineering  Analysis  of  the  Steering  Mode  Selector  Valve 
Requirements. 

2.2  Modification  Effort 

The  planned  modification  effort  was  to  consist  of: 

a)  Engineering  design  and  preparation  of  detail  fabrication  drawings  for 
new  mounting  brackets,  panel,  and  interlock  assembly  for  the  mode 
selector  lever;  and  installation  drawings  for  new  components  and 
configurations  of  the  hydraulic  lines,  associated  couplings,  and 
hardware. 

b)  Procurement  of  replacement  valve  and  associated  parts  required  for 
installation. 

c)  Bench  testing  of  replacement  valve  to  confirm  flow  and  pressure 
characteristics. 

d)  Fabrication  of  modified  mounting  brackets,  panel,  and  interlock 
assembly  in  accordance  with  detail  drawings. 

e)  Assembly  and  installation  of  valve,  panel,  mounting  brackets,  interlock 
assembly,  hydraulic  lines,  and  associated  hardware  in  the  GFE  crane. 

f)  Verification  testing  of  the  installed  components  for  proper  functioning 
of  the  mode  selector  valve  and  vehicle  steering  assembly  on  a 
stationary  vehicle. 

g)  Functional  testing  of  the  modified  vehicle  while  operating  on  a  test 

track. 

The  replacement  hydraulic  valve  was  procured,  and  a  bench  test  conducted  in 
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accordance  with  Vitro  Corporation  Test  Procedure  TP  3212.013.  A  copy  of  this  Test 
Procedure  is  provided  as  Appendix  B.  The  results  of  hydraulic  bench  testing  of  the 
obsolete  and  replacement  valves  were  documented  in  a  Test  Report,  and  a  copy  is 
provided  as  Appendix  C. 

Engineering  design  and  fabrication  drawings  for  the  mounting  brackets,  panel, 
and  interlock  assembly  were  completed  and  released  for  fabrication.  Purchase  orders 
were  released  to  procure  associated  parts.  Fabricated  and  procured  items  were 
inspected  upon  receipt  for  conformance  with  drawings  and  purchase  order 
specifications.  Pre-installation  assembly  of  valve,  mounting  brackers,  panel,  interlock 
assembly,  and  miscellaneous  components  was  completed,  and  on-vehicle  installation 
was  scheduled. 

Documentation 

Completed  documentation  for  the  valve  effort  consists  of: 

•  Hydraulic  Valve  Test  Plan. 

The  Test  Plan  describes  the  hydraulic  bench  tests  to  be  performed  on 
the  replacement  valve  and  the  valve  verification  and  functional  tests 
to  be  performed  after  installation  in  the  M2380  Crane. 

•  Hydraulic  Valve  Test  Procedure. 

The  test  procedure,  Vitro  TP3212.013,  specifies  the  detailed  test 
steps  to  be  performed  for  conducting  the  hydraulic  valve  bench  tests, 
verification  tests  and  functional  tests,  and  the  acceptance  limits  for 
each  type  of  test. 

•  Installation  Instructions  for  Hydraulic  Valve  Draft  Modification  Work 


Order  (MWO). 

The  installation  instructions  for  a  Draft  MWO,  to  be  published  by 


the  government,  describes  the  item  to  be  modified,  purpose  of  the 
modification,  parts  to  be  replaced  or  changed,  parts  and  tools 
required,  and  detailed  installation  instructions  for  performing  the 
modification. 


3.0  FRONT  AXLE 
3.1  Engineering  Analysis 

During  the  first  phase  of  engineering  analysis,  the  existing  axle  was  evaluated 
for  form,  fit,  and  function;  and  its  specific  operational  requirements  were  identified. 
The  analysis  also  included  an  investigation  of  the  front  axle  ancillary  parts  and  their 
interface  requirements  with  the  front  axle.  These  parts  included  the  vehicle  front  axle 
support  cradle,  steering  linkage,  front  propeller  shaft,  steering  cylinders,  wheels 
(rims),  and  axle  off-set  input  drive  shaft.  Pertinent  information  required  for  this 
effort  was  obtained  from  technical  manuals:  TM  5-3810-232-12  and  TM  3810-232- 
34P;  front  axle  source  control  drawing  (SCD)  D13213E9493-2  (Clark  Equipment 
Company,  Part  Number  FDS29500-2,  Drawing  Number  190172);  and  applicable 
M2385  crane  drawings. 

The  second  phase  of  the  engineering  analysis  consisted  of  soliciting  axle 
manufacturers  to  quote  on  a  replacement  axle  that  would  meet  the  specified  load  and 
operational  requirements  of  SCD  D13213E9493-2.  The  plan  was  to:  a)  identify 
potential  axle  candidates,  b)  determine  the  extent  of  modifications  required  to  install 
each  candidate,  and  c)  recommend  the  candidate  which  represented  the  most  cost 
effective  solution. 

Four  Request  for  Quotations  (RFQs)  were  developed  and  submitted  to  various 
axle/transmission  manufacturers  as  follows; 
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RFO  No.  I  -  Item  1  of  this  RFQ  specified  a  standard  planetary  drive  steer  axle 
in  accordance  with  the  loading  and  operational  requirements  of  SCD 
D13213E9493.  Item  2  of  this  RFQ  specified  the  same  axle  with  a  built-in 


dropbox  which  locates  the  input  drive  shaft  centerline  approximately  6-7  inches 
below  the  axle  centerline  (same  as  the  existing  axle  design).  The  axle 
manufacturers’  response  to  this  RFQ  was: 


Company 


Response 


-  Rockwell  International  Corporation 

-  Eaton 

-  Clark-Hurth 

-  Dana  Corporation 

-  Truck  Gears  Incorporated 

-  Caterpillar 

-  Franidin  Equipment  Company 

-  John  Deer 

-  Ford  New  Holland 

-  Hydro-Mechanical  Systems,  Inc. 


No  Bid 
No  Bid“’ 

No  Response 
No  Bid® 

No  Response 
No  Response 
No  Bid 
No  Bid 
No  Bid® 

No  Response 


Notes: 

Makes  only  planetary  drive  units. 
®  Units  do  not  meet  load  ratings. 


RFO  No.  2  -  This  RFQ  specified  operational  requirements  for  a  separate 
dropbox  to  be  used  in  conjunction  with  the  standard  planetary  drive  steer  axle 
specified  by  Item  I  of  RFQ  No.  1.  The  following  manufacturers  submitted 
"No  Bids"  to  RFQ  No.  2: 

-  Dana  Corp. /Spicer 

-  Eaton 

-  Regal-Beloit/Durst 

-  Famfield  Manufacturing  Co. 

-  Oshkosh  Truck  Corp. 

-  FABCO  Automotive 

The  reasons  given  for  "No  Bid"  by  the  manufacturers  were  that  modification 
of  their  standard  line  units  to  meet  the  specified  operational  and  6-7  inch  offset 
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requirements  was  not  feasible  and  they  did  not  want  to  develop  a  special  unit 
of  limited  quantity. 

RFO  No.  3  -  RFQ  No.  3  specified  refurbishment  efforts  for  the  original  crane 
axle  supplied  by  Clark-Hunh  (Clark  drawing  number  190172).  During  Vitro’s 
initial  inquiries,  and  prior  to  releasing  this  RFQ,  Clark’s  east  coast  distributor, 
Hydro-Mechanical  System,  Inc.,  (HMS)  originally  proposed  providing 
refurbishment  services  for  the  cranes’  axles  which  would  include  replacement 
of  all  bearings  and  seals  and  replacement  of  the  air  brake  components. 
However,  HMS  "No  Bid"  this  RFQ  due  to  the  potential  for  indeterminable 
axle  costs  and  spare  parts  availability. 

RFO  No.  4  -  RFQ  No.  4  specified  the  original  crane  planetary  drive  steer 
front  axle,  Clark  part  number  FDS2950()-2,  drawing  number  190172.  A 
positive  response  for  supply  of  the  original  axle  was  received  from  Clark’s 
distributor,  Hydro-Mechanical  Systems,  Inc.  (see  Appendix  D).  The  HMS 
quote,  dated  9  February  1993,  indicated  that  production  of  Clark-Hurth  axle, 
drawing  number  190172,  would  be  reactivated  upon  receipt  of  a  purchase 
order  for  a  minimum  quantity  of  20  axles. 

The  results  of  the  engineering  analysis  effort  for  the  replacement  front  axle, 
including  HMS’/Clark’s  offer  to  reactivate  production,  were  presented  to  the 
Government  on  17  February  1993.  The  U.S.  Army  Tank- Automotive  Command, 
who  has  logistical  support  responsibility  for  these  vehicles,  was  considering  Clark’s 
quotation  when  the  DA  decision  to  eliminate  the  M2380  and  M2385  models  from  the 
active  Army  inventory  obviated  the  decision. 
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3.2  Technical  Data  Issues 


Differences  between  the  government’s  technical  data  and  the  manufacturer’s 
axle  data  were  noted  during  Vitro’s  analysis.  The  documentation  resolving  these 
differences  could  not  be  reconstructed.  The  differences  are  provided  to  complete  the 
record. 

During  discussions  with  HMS  prior  to  receiving  their  quotation,  Vitro  pointed 
out  that  the  axle  load  rating  specified  on  the  government’s  source  control  drawing 
13213E9493,  Revision  G,  is  36, (XX)  pounds.  HMS  was  somewhat  surprised  since 
they  thought  the  Clark  axle,  drawing  number  190172,  supplied  to  American  Hoist  & 
Derrick  was  load  rated  at  only  29,000  pounds.  Subsequent  to  receiving  HMS’s 
quotation.  Vitro  requested  documentation  from  HMS  stating  the  operational 
requirements/specifications  of  the  Clark  axle,  drawing  number  190172,  supplied  to 
American  Hoist  &  Derrick.  This  information  was  requested  for  comparison  with  the 
axle  specifications  depicted  on  SCD  D13213E9493.  HMS  responded  to  Vitro’s 
request  by  sending  a  copy  of  Clark’s  standard  inquiry  specifications  form, 
"Specifications  for  Axle,  Transmission  and  Torque  Converter  Installation”,  which  had 
been  prepared  and  submitted  by  American  Hoist  &  Derrick  Company  on  1  April 
1968.  The  form  also  depicts  Clark’s  receipt  of  document  and  the  axles  Clark 
recommended  to  meet  the  form’s  requirements.  A  copy  of  this  specifications  form  is 
provided  in  Appendix  E. 

In  comparing  the  axle  source  control  drawing  to  the  specifications  form,  the 
following  is  noted: 

a)  The  specifications  form  states  that  the  front  axle  shall  meet  the 
requirements  of  SCD  D13213E9493-1,  Revision  D,  Clark  Number 
190164.  During  discussions  with  Clark,  they  indicated  that  the 
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190164  axle  was  never  produced,  but  that  the  190172  (SCD 
D13213E9493-2)  front  axle  was  produced  starting  in  1968.  The  only 
difference  between  the  190164  and  190172  axles,  as  indicated  on 
SCD  D13213E9493,  Revision  G,  is  the  size  of  the  input  shaft 
companion  flange. 

b)  The  specifications  form  states  the  vehicle  speed  as  30  MPH, 
maximum,  and  the  speed  of  the  axles  as  34.3  MPH  at  zero 
resistance.  SCD  D13213E9493,  Revision  G,  specifies  the  axle 
traveling  speed  as  38  MPH,  maximum. 

c)  The  specifications  form  states  the  vehicle  maximum  gross  weight  as 
62,000  pounds.  This  is  in  agreement  with  the 

vehicle  specifications  of  Technical  Manual  TM  5-3810-232-12 
for  the  M2380  and  M238S  cranes,  which  also  indicates  that  the 
vehicle  weight  is  distributed  equally  between  the  two  axles 
(approximately  31,000  pounds  each).  SCD  D13213E9493,  Revision 
G,  speciEes  the  front  axle  travel  loading  as  36, (XX)  pounds  and  the 
static  single  wheel  loading  as  90,000  pounds.  No  specific  loading 
specifications  for  the  190172  axle  have  been  provided  by  Clark/HMS 
as  requested  other  than  the  general  information  on  the  specifications 
form.  Thus,  it  can  only  be  assumed  that  the  190172  axle  meets  the 
axle/wheel  loading  requirements  of  SCD  D13213E9493,  Revision  G, 
since  the  crane  test  requirements  specified  by  Military  Specification 
MIL-C-52341E  for  the  M2380  and  M2385  cranes  do  not  specify  tests 
that  will  provide  verification  of  the  axle/ wheel  load  ratings  specified 
by  the  SCD. 
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4.0  MODEL  2380  CRANE  RESTORATION  EFFORT 

The  restoration  effort  on  the  M2380  crane  involved  refurbishing  the  original 
valve  support  panel.  This  panel  had  been  removed  from  the  crane  and  modified  to 
house  the  new  Cross  replacement  SMS  valve.  Restoration  involved  cutting  and 
welding  pieces  of  sheet  metal  to  the  modified  support  panel,  followed  by  grinding  and 
painting,  to  restore  it  to  the  original  configuration,  as  depicted  on  American  Hoist  & 
Derrick  Company  drawing  02280-781038.  The  original  interlock  assembly,  which 
had  been  removed  and  retained,  was  reinstalled  on  the  reworked  support  panel. 

The  restored  support  panel/interlock  assembly  was  reinstalled  in  the  M2380 
crane  utilizing  the  original  hydraulic  hose  assemblies  and  SMS  valve.  The  crane  was 
then  subjected  to  verification  tests  to  demonstrate  that  the  performance  characteristics 
of  the  restored  M2380  crane  matched  those  of  the  crane  when  delivered  to  Vitro  as 
GFE.  These  tests  were  performed  in  accordance  with  Vitro  test  procedure 
TP3212.013,  Section  2,  modified  as  follows: 

a)  Paragraph  2.3  tests  were  performed  at  approximately  1500  RPM  (idle 
speed)  in  lieu  of  2800  RPM. 

b)  Paragraph  2.4  tests  a.  through  h.  were  performed  in  lieu  of  tests  a. 
through  p.  at  idle  speed. 

The  testing  verified  that  the  operation  of  the  steering  mode  selector  valve,  operating 
lever,  and  interlock  assembly  were  the  same  as  the  unmodified  condition.  The  results 
of  the  restored  M2380  crane  verification  tests  are  presented  in  Appendix  F. 

5.0  CHRONOLOGY  OF  TASK  ORDER  MILESTONES  AND  EVENTS 

18  Sep  1992  Task  order  awarded. 

6  Oct  1992  First  of  numerous  inquires  to  Clark  Axle  Division  requesting 
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technical  information  and  quote  on  supply  of  a  replacement  axle 
including  the  Clark  Model  16S1841  recommended  by  the  VSE 
Corporation  report. 

19  Oct  1992  Submitted  replacement  SMS  valve  test  plan,  CDRL  A188, 

3  Nov  1992  CDRL  A 188  approved  by  Government. 

4  Nov  1992  First  of  numerous  contacts  with  Hydro-Mechanical  Systems,  Inc., 

Clark’s  east  coast  distributor.  Clark  requested  all  replacement  axle 
inquires  be  handled  through  HMS. 

9  Dec  1992  Clark  announced  that  it  will  quote  on  supplying  the  original  front 

axle,  part  number  FDS  29500-2,  in  accordance  with  drawing  190172. 

21  Dec  1992  Submitted  replacement  SMS  valve  engineering  analysis  report. 

22  Dec  1992  Received  Government  approval  to  procure  recommended  replacement 

SMS  valve. 

22  Jan  1993  The  Government  requested  a  status  review  meeting  of  the 

replacement  front  axle  effort  since  an  axle  source  had  not  been 
identified  within  schedule.  The  meeting  was  scheduled  for  17 
February  1993. 

9  Feb  1993  HMS  formally  quoted  on  supplying  the  Clark  190172  front  axle. 

17  Feb  1993  A  meeting  was  held  with  BRDEC  and  TACOM  representatives  at 
Vitro’s  Newington  facility.  A  review  of  the  SMS  valve  effort  and 
the  status  of  the  replacement  front  axle  effort  were  presented.  Vitro 
reported  that  the  detailed  engineering  analysis  for  the  replacement 
front  axle  had  been  completed  with  the  identification  of  an  axle 
source.  The  Government  requested  Vitro  to  suspend  further  task 
order  effort  on  the  axle  pending  a  decision  on  the  HMS  quotation. 

17  Mar  1993  The  Cross  AD  Series  replacement  SMS  valve  was  received  from  the 
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12  Apr  1993 

14  Apr  1993 

3  Jun  1993 

15  Jul  1993 

26  Jul  1993 


vendor  and  successfully  bench  tested  in  accordance  with  Vitro  test 
procedure  TP3212-013. 

Fabrication  of  parts  for  the  replacement  SMS  valve  installation  effort 
was  completed. 

The  Government  issued  a  stop  work  order  on  Delivery  Order  0001 
for  a  period  not  to  exceed  60  days. 

Delivery  Order  0001  was  modified  to  delete  the  SMS  valve  and  front 
axle  replenishment  efforts  for  the  M2380/M2385  cranes  and  restore 
the  M2380  crane  as  close  to  its  original  condition  as  possible 
(reinstall  original  SMS  valve)  and  verify  the  original  steering 
performance  characteristics  of  the  crane. 

Delivery  Order  0001  was  amended  to  modify  the  requirements  for 
the  Scientific  and  Technical  Report  to  include  the  results  of  the 
M2380  crane  (SMS  valve)  restoration  effort. 

Restoration  of  the  M2380  crane,  including  verification  testing,  was 
completed. 
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1.0  SCOPE  -  This  report  documents  the  engineering  analysis  supporting  the  selection  of  a  new  steering  mode 
selector  valve  for  the  Model  2380  Rough  Terrain  Crane.  The  original  valve  is  no  longer  manufactured  and  is  not 
available  from  any  known  source. 


2.0  ANALYSIS  OF  VALVE  REQUIREMENTS  -  The  fonctional  requirements  of  the  steering  mode  selector  valve 
are  met  by  a  hydraulic  valve  usually  described  as  a  4-way,  3-position,  directional  control  valve  with  a  motoring 
spool.  One  unusual  requirement,  however,  is  the  steering  mode  selector  valve  could  experience  pressures  as  high 
as  650  psi  on  its  retum/tank  port.  Most  directional  control  valve  applications  do  not  result  in  significant  pressure 
on  the  retum/tank  port  and  the  maximum  pressure  that  would  be  permitted  on  this  port  is  rarely  q)eciiied  by  valve 
manufacturers.  Back  pressure  on  the  retum/tank  port  places  pressure  on  the  valve  seals.  Based  on  this  information 
and  the  fact  that  the  obsolete  valve  also  exposes  its  "O'-ring  seals  to  pressure  on  its  retum/tank  port,  the  lack  of 
a  maximum  specified  back  pressure  will  not  eliminate  a  valve  from  being  considered  for  use  as  a  replacement  for 
the  obsolete  valve.  Suitability  of  the  selected  valve  for  use  with  back-pressures  as  high  as  650  psi  will  be 
demonstrated  by  analysis  of  the  dimensions  of  the  "O'-ring  gland  and  by  bench  tests. 

3.0  CHARACTERISTICS  OF  OBSOLETE  VALVE  -  The  flow  characteristics  of  the  obsolete  valve  are  the  most 
important  specification  needed  for  selecting  a  suitable  replacement  valve.  No  information  describing  the  flow 
characteristics  of  the  obsolete  valve  was  available.  This  information  had  to  be  obtained  by  flow  measurements 
performed  on  a  valve  removed  from  the  Model  2380  crane  provided  by  the  government  for  modification.  This 
effort  was  subcontracted  to  Transmission  Technology,  Inc,  Alexandria,  VA  and  was  performed  at  the  Vitro  facility 
in  Newington,  VA.  Results  of  the  hydraulic  tests  performed  on  the  obsolete  valve  are  summarized  below.  Actual 
test  data  and  graphs  derived  from  it  are  presented  in  Tab  A.  The  graphs  in  Tab  A  also  show  flow  curves  derived 
from  the  recommended  replacement  valve  manufacturer’s  data  sheets.  The  valve’s  resistance  to  flow  is  much 
greater  than  similar  valves  available  today. 

The  valve  pressure  drop  data  in  Tab  A  includes  both  the  pressure  drop  across  the  valve  and  the  pressure  drop 
occurring  in  the  line  returning  to  the  hydraulic  reservoir  (backpressure).  Backpressure  measurements  were  taken 
at  various  flow  rates  to  permit  the  determination  of  the  actual  pressure  drop  across  the  valve.  A  graphical 
representation  of  the  backpressure  data  is  also  included  in  Tab  A  and  may  be  subtracted  from  the  pressures  obtained 
from  the  graphs  of  the  obsolete  valve’s  flow  characteristics  if  more  accurate  flow  characteristics  are  desired.  The 
pressure  corrections  will  not  alter  the  test  results  in  the  sense  that  the  selected  replacement  valve  has  significantly 
less  restriction  to  flow  than  the  obsolete  valve. 

The  fluid  used  for  the  flow  tests,  Texaco  Ri\NDO  Oil  HD  32,  was  selected  because  its  viscosity  is  very  close  to 
the  same  viscosity  as  the  fluid  used  by  most  valve  manufacturers  to  specify  their  valves  flow  characteristics.  This 
is  also  very  close  to  the  typical  MIL-L-2104F,  type  lOW  oils  used  in  the  crane’s  hydraulic  system.  This  allowed 
direct  comparison  of  flow  characteristics  between  the  obsolete  valve  flow  measurements,  the  typical  valve 
manufacturer’s  flow  data,  and  the  calculated  flow  characteristics  of  the  crane’s  hydraulic  system  without  correcting 
for  viscosity  differences.  Tab  A  contains  a  graphical  representation  of  the  viscosity  versus  temperature 
characteristics  of  these  fluids. 

4.0  REPLACEMENT  VALVES  CONSIDERED  -  The  following  valve  manufacturer’s  product  lines  were  researched 
for  suitable  replacement  valves; 


(a) 

American  Barmag  Corp. 

(b) 

Amot  Controls  Corp. 

(c) 

Aro  Corp./Fluid  Power  Products 

(d) 

Barworth  Inc. 

(e) 

Bosch  (Robert)  Corp. /Racine  Fluid  Power  Inc. 

(0* 

Burton  Hydraulics  Inc. 

(g)* 

Commercial  Intertech 

(h)* 

Continental  Hydraulics 
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(g)  *  Cross  ManufiKturing  Inc. 

(h)  Danfoss  Inc. 

(i)  Dukes  Fluid  Power 

(j)  Dynamco  Inc. 

(k)  Energy  Manufacturing  Inc. 

(l)  Fluid  Regulators  Corp. 

(m)  Gresen  Manufacturing  Company 

(n)  Honeywell  Inc. /Skinner  Valve  Division 

(o)  IFP  Hydraulics 

(p)  IMO  Industries/Boston  Gear  Division 

(q)  ISI  Manufacturing  Inc./ISI  Fluid  Power  Inc. 

(r)  Lehigh  Fluid  Power  Inc. 

(s)  Magiu-Pow’r  Inc./Hydreco  Inc. 

(t)  MC  Industries  Inc./Victor  Fluid  Power  Inc. 

(u)  Metro  Machine  &  Engineering  Corp. /Metro  Hydraulics  Div. 

(v)  Parker  Hannifin  Corp/Fluidpower  Products/Hydraulic  Valve  Div. 

(w)  Trinova  Corp/Vickers  Division. 

Specifications  were  obtained  for  any  manufacturer  providing  a  valve  that  would  meet  the  fimctional  requirements 
of  the  steering  mode  selector  valve.  Those  manufacturers  are  noted  by  the  asterisks  in  the  above  list.  A  comparison 
of  these  manufacturer’s  valves  to  the  existing  valve  is  depicted  in  Figure  1. 

S.O  VALVE  SELECTION  CRITERIA  •  Since  all  valves  considered  were  the  fimctional  equivalents  of  the  obsolete 
valve,  the  selection  criteria  vras  an  economic  one  •  the  extent  of  the  modification  to  the  crane  and  the  cost  of  the 
valve  itself.  Unfortunately,  there  is  no  known  available  valve  that  is  a  bolt-in  replacement  for  the  obsolete  valve. 
The  use  of  any  of  the  valves  being  considered  requires  that  the  redesign  of  the  valve  support  panel,  NSN  2530-00- 
427-4004,  be  included  as  part  of  the  crane  modification.  The  other  alternative,  to  design  a  custom  valve  as  a  bolt-in 
replacement,  was  also  considered  but  rejected  as  a  far  more  costly  approach.  The  redesigned  panel  is  required  to 
allow  changing  the  valve  location  which  is  necessary  to  accommodate  any  of  the  replacement  valves  found.  The 
removal  of  the  obsolete  valve  requires  removal  of  the  support  panel;  thus  its  replacement  with  the  new  panel  will 
not  require  any  additional  installation  effort.  One  replacement  valve  investigated,  the  single  spool  version  of  the 
Cross  AD  series,  is  the  recommended  replacement  valve  because  of  its  slightly  smaller  size  and  because  it  can  be 
obtained  with  all  port  openings  on  the  same  side  which  makes  it  easier  to  interface  with  the  existing  hydraulic  lines 
in  the  limited  space  available.  The  Parker  Haimifin  VDPll  series  valve  which  is  basically  the  same  size  and 
configuration  as  the  Cross  AD  series  valve  was  not  selected  as  the  replacement  valve  because: 

a.  It  is  noore  expensive  than  the  Cross  unit  ($283  versus  $150,  unit  quantities). 

b.  The  valve  with  all  ports  located  on  the  same  side  is  not  a  standard  stock  item.  It  is  a  special  order 
item  requiring  longer  delivery  time. 

c.  Due  to  the  physical  design  of  the  valve,  a  complete  new  handle  assembly  would  have  to  be 
designed  and  fabricated  in  lieu  of  modifying  the  existing  handle  assembly. 

A  description  of  the  recommmded  Cross  AD  series  valve  and  its  specifications  are  included  in  Tab  B. 
Figure  2  illustrates  the  obsolete  valve’s  (item  10)  position  in  the  crane’s  cab  while  Figure  3  illustrates  the  existing 
panel  (item  57)  and  hydraulic  components.  The  recommended  new  panel  layout  is  depicted  in  Figure  4. 


FIGURE  1 

COMPARISON  OF  THE  VALVES  BEING  CONSIDERED 


TRINOVA/VICKERS  SV-20  YES  20  Requires  extensive  modification 


6.0  FLOW  CHARACTERISTICS  OF  RECOMMENDED  REPLACEMENT  VALVE  -  The  flow  characteristics 
of  the  recocimended  Cross  AD  series  valve  are  signiflcanliy  different  than  the  measured  characteristics  of  the 
obsolete  valve.  The  obsolete  valve  has  much  higher  resistance  to  flow  than  the  recommended  Cross  valve.  These 
differences  are  graphically  depicted  in  Tab  A  fur  each  flow  path.  These  differences  were  expected  since  the 
obsolete  valve’s  spool  travel  is  much  smaller  than  any  of  the  valves  being  considered  for  use  as  the  replacement. 
In  most  applications,  however,  a  decreased  resistance  to  flow  is  considered  beneficial. 

7.0  ANALYSIS  OF  VALVE  DIFFERENCES  -  The  improved  flow  characteristics  of  the  recommended  replacement 
valve  will  shorten  the  dynamic  response  time  of  the  rear  wheel  steering  system.  The  obsolete  valve’s  resistance 
to  flow  is  comparable  to  the  estimated  resistance  to  flow  provided  by  the  hydraulic  lines  to  the  rear  steering  control 
cylinder,  thus  the  improved  flow  characteristics  of  the  recommended  valve  should  cut  the  total  resistance  to  flow 
in  this  hydraulic  circuit  in  half.  The  end  effect  will  be  to  reduce  by  one  half  any  delay  in  the  rear  wheels  to  track 
steering  changes.  This  is  not  expected  to  cause  any  problems  since  no  noticeable  delays  in  the  crane’s  steering 
system  were  evident  while  observing  the  steering  system  in  operation. 


8.0  REPLACEMENT  VALVE  MODIFICATION  REQUIREMENTS  -  The  following  modifications  to  the  crane 
are  required  to  utilize  the  recommended  replacement  valve; 

a.  The  replacement  of  two  existing  short  rigid  hydraulic  lines  with  longer  lines. 

b.  The  addition  of  two  new  hydraulic  lines  to  extend  existing  lines  that  would  be  difficult  to  replace. 

c.  The  replacement  of  the  existing  valve  support  panel  with  a  redesigned  panel. 
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FIGURE  2 


FIGURE  4 


9.0  RISKS  AND  CONCERNS  -  One  risk  associated  with  the  recommended  Cross  valve  is  the  lack  of  a  specified 
maximum  back-pressure  on  it's  retum/tank  port.  The  risk  of  sigmficant  back-pressure  causing  any  problems  with 
the  selected  replacement  valve  such  as  fluid  leakage,  however,  appears  to  be  small  since  the  obsolete  valve  was  used 
under  the  same  conditions  and  its  seal  design  is  virtually  the  same  as  the  replacement  valve.  Additicmally  the 
manufacturer  claims  one  of  their  customers  is  using  the  valve  without  problems  at  much  higher  back-pressures  than 
will  be  experienced  in  the  crane  steering  system,  au,  jugh,  that  customer  does  use  a  harder  seal  material  than  the 
standard  part.  We  also  plan  to  purchase  the  harder  seals  as  spare  parts  for  the  valve.  If  any  problems  are 
experienced  with  the  standard  seals  during  the  bench  testing  phase,  the  valve  will  be  subjected  to  additioiud  brach 
tests  with  the  harder  seals  installed. 

Another  risk  associated  with  the  improved  flow  characteristics  of  the  Cross  AD  series  valve  is  the  possibility  that 
an  undesirable  change  in  the  dynamic  response  of  the  rear  steering  system  could  occur.  If  such  an  effect  occurs 
during  testing,  it  can  be  eliminated  easily  by  the  insertion  of  an  inexpensive  flow  restrictor  in  the  hydraulic  flow 
path. 

As  part  of  the  initial  analysis  of  the  steering  mode  selector  valve  requirements,  the  crane  steering  system  was 
operated  to  observe  any  dynamic  steering  characteristics  that  might  be  affected  by  the  use  of  a  valve  with  different 
flow  characteristics.  Of  particular  interest  was  whether  the  front  and  rear  wheels  appeared  to  track  each  other  as 
they  moved  in  response  to  a  sudden  change  in  steering  wheel  position.  During  these  tests  a  severe  oscillation  in 
the  front  steering  system  was  evident  as  the  front  wheel  position  was  changing.  The  oscillation  appears  to  be 
inherent  in  the  crane’s  steering  system  design  and  is  attributed  to  the  use  of  two  hydraulic  servo-loops  in  series  with 
the  positional  feedback  for  the  first  stage  being  provided  by  the  output  of  the  second  stage.  Since  each  stage  will 
shift  the  phase  of  the  higher  frequency  components  in  position  error  hydraulic  signal  by  90  degrees,  the  two  stages 
in  series  result  in  a  180  degree  phase  shift  changing  the  intended  negative  feedback  to  positive  feedback.  The  result 
is  a  hydraulic  oscillator  whenever  the  loop  gain  at  these  higher  frequencies  exceeds  unity.  It  may  be  possible  to 
eliminate  the  oscillation  by  providing  the  feedback  to  the  draglink  mounted  steering  control  valve  from  the  position 
of  the  front  steering  control  cylinder  rather  than  fhe  front  steering  cylinders  (front  wheel  position).  This  inherent 
oscillation  problem  was  not  investigated  any  further  since  it  is  outside  the  scope  of  our  task  order. 


9 


TAB  A 


TO  APPENDIX  A 


FLOW  CHARACTERISTICS  OF 

HYDRAULIC  VALVE 
NSN  4820-00-945*5348 


VISCOSITY  COMPARISON  OP  THE  FLUID  USED  FOR  VALVE 
FLOW  TESTS  AND  A  TYPICAL  MIL-L-2104D  FLUID 
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FIGURE  6 

COMPARISON  OF  FLOW  CHARACTERISTICS 
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FIGURE  8 
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COMPARISON  or  FLOW  CHARACTERISTICS 
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FIGURE  14.  VALVE  FLOW  TEST  SET-UP 


TAB  B 


TO  APPENDIX  A 

HYDRAULIC  VALVE  DATA  SHEETS 

RECOMMENDED  REPLACEMENT 


HYDRAULIC  VALVES 


DIRECTIONAL  CONTRO 

AD  SERIES 

Specification  Sheet 


A01  A02 


The  Cross  series  AO  directional  control  valves  provide  good  metering  characteristics  and  long  dependable 
service  life.  Optimum  versatility  is  provided  due  to  the  many  standard  and  optional  features.  Balanced  spools 
are  select-fit  for  minimum  leakage  and  load  holding  checks  prevent  load  drop  when  shifting.  Parallel  flow  path 
permits  spools  to  be  operated  independently  or  simultaneously. 


GENERAL  SPECIFICATIONS 

Number  of  spools . One,  two 

Maximum  working  pressure .  3000  psi  (206  bar) 

Maximum  shock  and  surge  pressure . 4000  psi  (276  bar) 

Maximum  flow  capacity . 15  gpm  (57  I/m) 

Maximum  spool  leakage  (at  1000  psi  w/IOOSUSoilat  120®  F) . 16cc/min. 

Mounting,  any  position . Two  mounting  holes  for  Va"  dia.  bolts 

Weight . 1  spool:  8  lbs.  (3.6  Kg.) . 2  spool:  10  lbs.  (4.5  Kg) 


MATERIAL  SPECIFICATIONS 


Body . High  tensile  strength  cast  iron 

Spools . Ground,  plated  and  polished  steel  alloy 

Seals . BunaN 


STANDARD  FEATURES 

•  Integral  load  holding  check  valves  (prevent  reverse  flow  through  valve  when  shifting) 

•  Integral  differential  poppet  type  relief  valve,  adjustable  (set  at  2000  psi,  1 0  gpm) 

•  Balanced,  select-fit  spools  (provide  minimum  leakage,  smooth  operation) 

•  External  spool  seals  (permit  easy  replacement,  reduced  maintenance  cost) 

•  SAE#10  (%")  ^/s  - 14  inlet  and  outlet  ports:  SAE#8  (V2")  %  - 16  work  ports 

•  Complete  handle  assembly 

OPTIONAL  FEATURES  AVAILABLE 

•  Open  or  closed  center  positions,  3-way  or  4-way  operation,  3-position  or  4-position 
(float  position),  full  open  center  (motoring  spool)  and  other  spool  options 

•  Power  beyond  (permits  use  of  neutral  flow  at  system  pressure):  aisp  permits  field 
conversion  from  closed  center  to  open  center  (tandem)  operation 


NOTE;  Refer  to  CROSS  Valve  Technical/Service  Sheet  for  recommendations  and  limitations. 
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1 


HYDRAULIC  VALVES 


DIMENSIONAL  DATA  in  inches 
I  ONE  SPOOL 


TWO  SPOOL 


*  SPOOL  travel  .22  "EACH  WAY  FROM  NEUTRAL.  ( .375  FOR  FLOAT  I 


SPOOL  OPTIONS 


^eooki  cCNfCK  :«€*!  ctsTtn 

3»e*«  ccNTce 


•  AAV  >  3  0OS 
I  •  $«OOl » 
:.os(0  CCNTC* 


•  •**  -  J  Pos  '  2  S»00(.  »  •  AAV  -  i  OOS  I  J  SBOOL  I 

C..OttO  CtNTcw  -,3S£0  CCNTffl 


ACTUATOR  OPTIONS 

rc^  ^“3^  ‘^'•3^ 

LEVER  lever  lever  4-POS.  OEirNT-IN 

LEVER  LEVER  E-POS.  DETENT  1-POS.  DETENT- IN  1-POS.  DETENT-OUT  float  POSITION 

SPRING  CENTERED  NO  CENTERING  SPRING  CENTERED  SPRING  CENTERED  SPRING  CENTERED  SPRING  CENTERED 


HYDRAULIC  VALVES 


DIRECTIONAL  CONTR 

AD  SERIES 

Specification  Sheet 


TYPICAL  PERFORMANCE  DATA 

PRESSURE  DROP  (with  100  SUS  oil  at  120°  F.  SAE#10  in  and  out,  #8  work  ports. 


AD1 


TYPICAL  PERFORMANCE  DATA 


FLOW 

GPM 

PABT^ 

P 

PBAT 

SI 

PCDT, 

PDCT. 

3 

24 

24 

24 

24 

6 

52 

52 

54 

48 

9 

94 

88 

98 

84 

12 

146 

134 

158 

130 

15 

212 

192 

228 

286 

FLOW 

GPM 

m 

H 

3 

9 

5 

1 

1 

2 

6 

21 

20 

3 

3 

5 

9 

42 

40 

10 

11 

11 

12 

65 

63 

21 

20 

20 

15 

90 

87 

34 

32 

32 

FLOW 

GPM 

FLOAT 

PSI 

P-A-B-T 

P-A-B-T 

3 

12 

10 

11 

6 

23 

27 

29 

9 

43 

53 

60 

12 

65 

88 

100 

15 

90 

125 

140 

TO  CONVERT 

INTO 

MULTIPLY  BY 

GALLONS 

LITERS 

3.7853 

PSI 

BAR 

0.0690 

AD  2 


FLOW 

GPM 

P-A 

PSI 

P-B 

P-C 

P-D 

_ 

3 

20 

18 

20 

20 

■1 

6 

38 

34 

40 

36 

9 

62 

54 

72 

58 

12 

96 

82 

110 

88 

■ 

15 

71 

138 

114 

156 

122 

■ 

FLOW 

GPM 

A-T 

B-T 

PSI 

C-T 

D-T 

/^FLC 

'a-b 

IAT*N 

b-a* 

3 

4 

4 

4 

■■ 

10 

10 

6 

12 

12 

10 

19 

32 

9 

24 

26 

22 

70 

■1 

12 

40 

44 

36 

D 

118 

15 

60 

66 

54 

Hi 

180 

151 

DIRECTIONAL  CONTROL 

AD  SERIES 
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HYDRAULIC  VALVES 
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ORDERING  INFORMATION 


MODEL 

NO  OF 

SPOOL  ACTION 

i  RELIEF 

POWER 

OUTLET  PORT 

— 

1  PORT  SIZE 

NO 

SPOOLS 

SPOOL  TYPE 

(ACTUATOR  OPTIONS! 

1  VALVE 

0EYONO 

location 

4  TYPE 

handle 

1 

1 

A 

i  ^ 

0 

0 

0 

0 

Single 

4-wav  3  oosition 

3-OOSiiion 

1  OOODSi 

None 

End  Oullei 

Comoiete 

AD 

I 

open  cenier 

Spring  Cenierea 

SAE- 10 

Hanote 

2 

2 

c 

1  B 

%■  14 

Assempiv 

OouDie 

4-wav.  3  oosiiion 

manuai-no  aetent 

,  'SOOosi 

inlet  &  Outlet 

cioseo  center 

1 

1 

i 

3' 

no  centering  spring 

1 

2 

1  C 

SAE*8 

Less 

3  wav  3-DOSition 

u 

2000  OSi 

SAEf  E 

•  i,  -  16 

Ccmpieie 

j 

open  cenier 

2posiiion  aeient 

Worn  Ports 

Handle 

4' 

in  4  out  spring  center 

D 

Assemoiv  j 

3  wav  3'OQSition 

N 

None 

3 

1 

2 

ciosea  cenier 

1  position  aeient 

Cohversionoiug 

ift-  NPTF 

Less 

S 

n  only  spring  center 

E 

nie(  4  Outlet 

>^anaie 

4-wav  3'OOSftion 

p 

Other 

4 

p> 

1^'  NPTF 

Only 

open  cenier 

1 -position  aeteni 

‘s-14SA£«t0 

Worn  Ports 

iliRK  pins 

w/moiofinq  spoo' 

Out  only  spring  center 

F 

Top  miet 

&  bracKei 

6 

X 

Aoiustaoie 

5 

&  outlet 

3 

nciudedi 

4-wdv  3-posii<on 

4-005  sorg  Ctf  10 

:00-1500DSi 

Ooseoctr  plug 

H' 

Other 

i 

ciosea  center 

neutral  Oeientm 

set  at 

i  1 

.v/moioring  spool 

float  position 

'  000  OSII 

Tod  Intel 

1  1 

A 

4  wav.  4-DOSiIiOn 

G 

3oen  center 

Aoiusiaote 

Rear 

Detent  float  posufon 

’500-3500  os. 

B 

'«'•  NPTF 

(Set  at  2000  osii 

4-wav  4.Dosii<on 

Closed  center 

T 

Detent  float  position 

Tod  outlet 

’  St  SDOOl  (nearest  inlet  port) 


When  this  spool  in  the  second  spool  of  a  two  spool  valve  is  snifted  to  gravity  return,  no  pressure  may  be  built  on  A  or  B  port  of  the  first 
spool. 

Available  only  on  single  spool  model. 

EXAMPLE:  A02A1 XAG4000  Is  an  AO  manually  operated  double  spool  valve,  the  first  spool  being  4-way.  4-oosition.  open  center,  spring 
centered  with  detent  in  float  position:  the  second  spool  being  4-way.  3-oosition.  open  centered,  spring  centered  The  adiustabie  relief  valve 
IS  set  at  2000  Dsi.  Power  beyond  sleeve  pon  with  ■  14  SAE  thread.  Inlet  and  outlet  pons  SAE#10.  ’h  -14  Work  ports  SAEi'S.  -  16 
Complete  handle  assembly. 


CROSS  MANUFACTURING.  INC. 
100  Factory  Street 
Lewis.  Kansas  67552 
Phone:316-324-5525 
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APPENDIX  B 


TEST  REPORT 

CROSS  AD  SERIES 

STEERING  MODE  SELECTOR  VALVE 


TEST  REPORT 
OF  CROSS  AD  SERIES 

STEERING  MODE  SELECTOR  VALVE  TESTS 

This  report  documents  tests  performed  on  a  hydraulic  valve  being  considered  as  a  replacement 
steering  mode  selector  valve  in  an  American  Hoist  and  Derrick  model  2380A  Rough  Terrain 
Crane.  Similar  tests  were  also  performed  on  the  original  steering  mode  selector  valve  which  is 
now  obsolete.  The  original  valve  was  manufactured  by  the  Hydraulics  Component  Division  of 
the  Clark  Equipment  Company.  The  selected  replacement  valve  is  a  type  AD  Series  directional 
control  valve  manufactured  by  Cross  Manufacturing,  Inc  of  Lewis  Kansas.  The  flow 
characteristics  of  the  obsolete  valve  were  not  documented  and  were  determined  by  these  tests 
to  allow  selecting  a  suitable  substitute.  Both  valves  were  measured  using  the  same  equipment 
and  test  set  up. 

The  steering  mode  selector  valve  is  a  4-way  3-position  hydraulic  valve  used  to  control  the  rear 
wheel  sic;enng  mode  of  the  crane’s  carrier.  A  simplified  diagram  of  the  crane’s  steering  system 
is  depicted  .n  Figure  1. 


REAR 

STEERING 

CONTROL 


STEERING 

MODE 

SELECTOR 

VALVE 


HYDRAULIC 

INPUTS 


FRONT 

STEERING 

CONTROL 


Figure  1 

SIMPLIFIED  STEERING  SYSTEM  DIAGRAM 


With  the  steering  mode  selector  valve  in  the  center  position  as  shown,  hydraulic  pressure  applied 
to  inputs  A  or  B  will  cause  the  front  steering  control  cylinder  to  move.  This  cylinder  contains 
self  centering  springs  resulting  in  the  requirement  that  continual  hydraulic  pressure  be  supplied 
by  the  steering  system  to  hold  the  steering  control  cylinder  in  the  desired  position.  When 
pressure  is  applied  to  hydraulic  inputs  A  or  B  of  Figure  1  the  rear  steering  control  cylinder 
remains  centered  since  the  same  pressure  is  applied  to  both  ends  of  the  cylinder.  When  the 
steering  mode  selector  valve  is  in  either  of  the  other  two  positions,  the  rear  wheel  steering 
modes,  the  hydraulic  pressure  is  also  applied  to  the  rear  steering  control  cylinder.  It  also  is  a 
self  centering  cylinder  with  return  springs  identical  to  the  front  steering  control  cylinder  causing 
its  position  to  track  any  position  changes  of  the  front  steering  control  cylinder.  The  two  rear 
wheel  steering  modes,  OBLIQUE  and  REAR  STEER,  connect  the  hydraulic  lines  to  the  rear 
steering  control  cylinder  differently.  In  the  OBLIQUE  mode  the  front  and  rear  wheels  turn  the 
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same  direction  while  in  the  REAR  STEER  mode  the  rear  wheels  turn  opposite  of  the  front. 
These  rear  wheel  steering  modes  provide  the  crane  carrier  with  additional  maneuverability  when 
needed.  The  maximum  system  hydraulic  pressure  is  650  PSIG,  however,  this  pressure  will 
never  be  imposed  continually  on  any  of  the  valve  ports.  These  functional  requirements  will 
generally  be  met  by  a  3-position,  4-way  valve  with  a  spool  designed  to  control  a  hydraulic 
motor. 

In  addition  to  the  functional  requirements  just  described  there  is  a  proof  pressure  requirement 
of  2000  PSIG  and  a  requirement  that  the  valve  be  easy  to  operate.  The  ease  of  operation  was 
quantitatively  defined  by  measuring  the  force  required  to  move  the  obsolete  valve’s  handle  when 
650  PSIG  was  applied  to  the  pressure  port  (P)  and  the  remaining  ports  returned  to  the  tank.  If 
the  force  required  to  move  the  replacement  vadve’s  handle  was  not  substantially  greater  than  the 
obsolete  valve’s  handle  we  would  consider  it  acceptable. 

The  flow  measurements  and  handle  force  measurements  were  done  using  the  test  set-up  shown 
in  figure  2.  The  2000  PSIG  proof  pressure  test  was  done  by  applying  2000  PSIG  to  all  valve 
ports  simultaneously. 


Figure  2 

HYDRAULIC  FLOW  TEST  SET-UP 


During  the  flow  tests  it  was  discovered  that  the  Cross  valve  had  an  internal  poppet  type  check 
valve  preventing  backflow  out  the  pressure  (P)  port.  This  prevented  the  valve  from  providing 
the  ne^ed  functional  characteristics  and  was  removed.  The  poppet  and  an  associated  spring  are 
easily  removed.  It  was  verified  that  the  previous  flow  measurements  were  not  significantly 
affected  by  the  check  valves  presence  and  the  flow  testing  was  completed. 

The  flow  test  data  is  graphically  depicted  in  Figure  3  through  Figure  13  showing  the  measured 
characteristics  of  both  valves  for  comparison  on  the  same  graph  for  each  fluid  flow  path.  The 
data  shown  by  these  graphs  includes  the  backpressure  drop  through  the  hoses  returning  the 
hydraulic  fluid  to  the  reservoir.  If  the  actual  valve  pressure  drop  is  desired  the  backpressure, 
graphically  depicted  in  Figure  14.  should  be  subtracted  from  the  pressures  shown  in  the  valve 
flow  measurement  graphs. 
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The  flow  tests  show  the  replacement  valve’s  resistance  to  flow  in  the  two  4-wheel  steering 
modes  is  significantly  less  than  the  obsolete  valve.  This  is  expected  to  result  in  a  faster  dynamic 
response  time  of  the  rear  wheel  steering  system.  This  is  not  expected  to  cause  any  undesirable 
steering  characteristics.  The  flow  tests  also  show  the  replacement  valve’s  resistance  to  flow  at 
the  rear  steering  control  cylinders  is  significantly  higher  than  the  obsolete  valve  when  the  valve 
is  in  the  front  steering  mode.  No  fluid  flow  occurs  when  steering  mode  selector  valve  is  in  its 
center  position  except  when  the  valve  is  returned  to  center  with  the  rear  wheels  turned.  When 
this  occurs,  fluid  must  flow  between  ports  A  and  B  until  the  self  centering  rear  steering  control 
cylinder  has  returned  to  its  center  position.  The  increased  resistance  to  flow  under  these 
conditions  will  slow  the  return  of  the  rear  wheels  to  their  center  position.  This  should  be  of 
little  consequence. 
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COMPARISON  OF  FLOW  CHARACTERISTICS 
SPOOL  CENTERED  (FLOW  FROM  PORT  B  TO  PORTS  T&A) 


□  CLARKE  VALVE 


O  CROSS  VALVE 


GALLONS  PER  MINUTE 


HYDRAULIC  VALVE  BENCH  TEST  DATA  SHEET 


TEST  PERFORMED  BY  ^  •  W^JTT^^  DATE 

HYDRAULIC  FLUID  USED: 

MANUFACTURER  T^k.AC.O  PRODUCT  DESIGNATION  J^A/oOO  S  Z 

NOMINAL  VISCOSITY:  100  DEG  F  SUS  210  DEG  F  W  SUS 

EQUIPMENT  USED  FOR  MEASUREMENTS  TRACEABLE  TO  N.I.S.T 
0-50  PSIG  PRESSURE  MEASUREMENT  DEVICE: 

MFR.  //ftSE  MODEL CALIBRATION  DATE  ASSET  NO. _ 

0-2000  PSIG  PRESSURE  MEASUREMENT  DEVICE: 

MFR.y^SACig-^fT  MODEL  O  ~  CALIBRATION  DATE  •26-^‘i^t^SET  NO. _ 

FLUID  FLOW  MEASUREMENT  DEVICE: 

MODEL/VC;2g  CALIBRATION  DATE /A  ^  AS  SET  NO. _ 

FLUID  TEMPERATURE  MEASUREMENT  DEVICE: 

MFR.  Qfin  CALIBRATION  DATE  NO. _ 

FORCE  MEASUREMENT  DEVICE: 

VSFR.T0LEt>O  MODEL  CALIBRATION  DATE/A^^-^^ASSET  NO. 


FLOW  TEST  DATA 


1.4. 1.1  PRESSURE  AT  PORT  P, 
(a) 

FLOW  GPM 

PRESSURE  5V»  PSIG 

TEMPERATURE  95..  ~DEG  F 


SPOOL  IN,  FLOW  P  to  A: 
(b) 

2.93  GPM 
33  PSIG 
DEG  F 


(c) 

y.g.g>  GPM 
PSIG 
DEG  F 


1.4. 1.2  PRESSURE  AT  PORT  P. 
(a) 

FLOW  GPM 

PRESSURE  SV?  PSIG 
TEMPERATURE  *7*7  DEG  F 


SPOOL  OUT.  FLOW  P  to  B: 
(b) 

3./*7  GPM 
33  PSIG 
_32_DEG  F 


(c) 

/.33  GPM 
PSIG 

<9??  DEG  F 


'WOKMOIA  AVfNUC 

slivcii  SMiiNo.  MAiivuM«o  20i0t>an 

<3eit23M000 


lATION 


SIZE 

FSCM  NO. 

A 

99789 

TP3212.013 


1.4. 1.3 


PRESSURE  AT  PORT  T.  SPOOL  CENTERED,  FLOW  T  to  A&B: 

(a)  (b)  (c) 

FLOW  7.^2^  GPM  GPM  3.SV  GPM 

PRESSURE  S’O  PSIG  33  PSIG  PSIG 

TEMPERATURE  DEG  F  «??  DEG  F  DEG  F 

HYDRAULIC  VALVE  TEST  DATA  SHEET  (CONT'D) 


1.4. 1.4  PRESSURE  AT  PORT  T,  SPOOL  IN,  FLOW  T  to  B: 
(a)  (b) 

FLOW  6.3/  GPM  V. y/  GPM 

PRESSURE  5b  PSIG  33  PSIG 

TEMPERATURE  DEG  F  DEG  F 


(c) 

2.92>  GPM 
PSIG 
DEG  F 


1.4. 1.5  PRESSURE  AT  PORT  T,  SPOOL  OUT,  FLOW  T  to  A: 
(a)  (b) 

FLOW  hlh.  GPM  3 ‘33  GPM 

PRESSURE  S‘0  PSIG  33  PSIG 

TEMPERATURE  J/>7y  DEG  F  DEG  F 


(c) 

Z.a'Z  GPM 
y/g  PSIG 
DEG  F 


1.4. 1.6  PRESSURE  AT  PORT  A,  SPOOL  CENTERED,  FLOW  A  to  T&B: 

(a)  (b)  (c) 

FLOW  a  GPM  <>.73  GPM  GPM 

PRESSURE  PSIG  73  PSIG  PSIG 

TEMPERATURE  JO^  DEG  F  DEG  F  DEG  F 


1.4. 1.7  PRESSURE  AT  PORT  A,  SPOOL  IN,  FLOW  A  to  P: 
(a)  (b) 

FLOW  GPM  GPM 

PRESSURE  gg  PSIG  ^3  PSIG 

TEMPERATURE  ^^^^^DEG  F  DEG  F 


(c) 

GPM 
PSIG 
DEG  F 


1.4. 1.8  PRESSURE  AT  PORT  A,  SPOOL  OUT,  FLOW  A  to  T: 

(a)  (b)  (c) 

FLOW  jT-SS*  GPM  GPM  -ft.vy  GPM 

PRESSURE  5^  PSIG  33  PSIG  PSIG 

TEMPERATURE  DEG  F  Ji>5  DEC  F  DEG  F 


1.4. 1.9  PRESSURE  AT  PORT  B,  SPOOL  CENTERED,  FLOW  B  to  T&A: 

(a)  (b)  (c) 

FLOW  y.30  GPM  a/JS  GPM  GPM 

PRESSURE  S£>  PSIG  ??  PSIG  PSIG 

TEMPERATURE  *^6  DEG  F  <37  DEG  F  «>7  DEG  F 


FSCM  NO. 


A  99789 


OCX/ 
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HYDRAULIC  VALVE  TEST  DATA  SHEET  (CONT'D) 


1.4.1.10 

FLOW 

PRESSURE 

TEMPERATURE 


PRESSURE  AT  PORT  B,  SPOOL  IN.  FLOW  B  Co  T: 


5.^5  GPM 

fsig 

g»5r  DEG  F 


(b) 

GPM 

_3l2_psig 

qy  DEG  F 


(c) 

GPM 

PSIG 

75?  DEG  F 


1.4.1.11 

FLOW 

PRESSURE 

TEMPERATURE 


PRESSURE  AT  PORT  B.  SPOOL  OUT.  FLOW  B  to  P: 
(a)  (b) 

V.5*.g  GPM  GPM 

ps  PSIG  33-  ’PSIG 

DEG  F  _32_DEG  F 


(c) 

GPM 
PSIG 
DEG  F 


1.4.2  LEVER  FORCE  TESTS 

(a)  LEVER  MOVEMENT  FROM  SPOOL- CENTERED  TO  SPOOL-IN:  /  S  LBS  MAX 

(b)  LEVER  MOVEMENT  FROM  SPOOL- CENTERED  TO  SPOOL  OUT:  LBS  MAX 


1.4.3  2000  PSIG  PROOF  PRESSURE  TEST 


VERIFY  NO  VALVE  DAMAGE 


PASS 


FAIL 


i/ifiv 


oiofiou  awmui 

S&VtN  tMMO.  MANVUHOMMm 
IJDIiaf«f«QP 


SORPORATION 


SIZE  FSCM  NO. 

A  99789 


TP3212.013 


nc\f 
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HYDRAULIC  VALVE  TEST  PROCEDURE 

VITRO  TP32 12.013 


REVISIONS 


DESCRIPTION 


DATE  I  APVD 


I  REV  STATUS  REV 

I  OF  SHEETS  SHEET 


ONTRACT 


inHHHHHHaHEniBianBiaHBBElBlBBBlI 


DAAK70-92-D-0002 


-}f£tra\ 

CORPORATION 


aA-133  (REV  2-87) 


APPROVAL 


QR/CHKR. 

l.c.  //A 

0J.M6R.  ( 

HYDRAULIC  VALVE  TEST  PROCEDURE 


SIZE  I  FSCM  Na 


99789 


TP3212.013 


RFV 


•^MRPT  1 


OP  1  1 


1.0  HYDRAULIC  VALVE  BENCH  TEST 


1.1  PURPOSE  The  purpose  of  this  test  is  to  measure  the  flow  characteristics 
of  a  4-way,  3-posltion,  manually  operated  hydraulic  valve  that  has  been  selected 
to  replace  an  obsolete  valve  which  was  similarly  tested.  These  sieasurements  will 
be  compared  to  the  measurement  data  obtained  from  the  obsolete  valve  and  any 
significant  differences  analyzed  to  determine  their  impact  on  the  system's 
performance . 

1.2  HYDRAULIC  TEST  SYSTEM  REQUIREMENTS 

a.  0-10  GPM  adjustable  flow  rate  with  pressure  up  to  SO  psig. 

b.  Capable  of  proving  a  3  GPM  flow  while  pressure  limited  to  650  psig. 

c.  Capable  of  performing  a  2000  psig  proof  pressure  test. 

d.  Flow  measurement  accuracy  of  -t-/~  GPM  form  0  to  10  GPM. 

e.  Pressure  measurement  accuracy  of  +/-  O.S  psig  from  0  to  50  psig. 

f.  Pressure  measurement  accuracy  of  +/-  20  psig  from  650  to  2000  psig. 

g.  Hydraulic  fluid  temperature  measuremenc  accuracy  +/-  2  deg  F  at  100  F. 

h.  Hydraulic  fluid  nominal  viscosity  approximately  100  SUS  at  deg  120  F. 


1.3  FORCE  MEASUREMENT  DEVICE  REQUIREMENTS 

a.  Capable  of  measuring  the  maximum  force  required  to  move  the  test 
valves  lever  to  an  accuracy  of  +/-  0.5  lbs  over  the  range  of  0-10 
lbs. 


1.4  HYDRAULIC  TESTS 

1.4.1  FLOW  TESTS  Prior  to  measuring  the  valve  flow  characteristics  the 
temperature  of  the  hydraulic  test  system's  fluid  temperature  shall  be  increased 
to  100  +/-  5  deg.  F  and  maintained  within  this  temperature  range  during  the  flow 
tests . 


NOTE:  Continuous  pressure  vs  flow  curves  may  be  substituted  for  the 
following  groups  of  three  flow  measurement  points  (a,b,  &  c)  for 
each  flow  path,  provided  the  accuracy  of  the  plotted  curves  meets 
the  pressure  and  flow  measuremenc  accuracy  stated  in  1.2. (d)  and 
1.2. (e)  and  the  fluid  temperature  is  recorded  with  the  plotted 
curves . 
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1.4. 1. 1  Connect  the  hydraulic  test  system  output  Including  the  pressure,  flow 
and  temperature  sensors  to  the  pressure  input  (port  P)  of  the  valve  being  tested 
and  return  all  other  valve  ports  to  the  reservoir  (see  Figure  1).  Place  the 
valve  spool  in  the  spool>in  position,  then  slowly  increase  the  hydraulic  flow 
through  the  valve  until  the  fluid  pressure  at  port  P  is  50  psig  ±10%  or  the  fluid 
flow  is  10  GPM  ±10%  whichever  occurs  first.  Record  the  flow  rate,  pressure,  and 
fluid  teiqierature  on  the  test  data  sheet  as  1.4. 1.1.  (a).  Decrease  the  flow  rate 
until  the  pressure  at  port  P  decreases  to  2/3  the  pressure  recorded  in 
1.4. 1.1. (a).  Record  the  flow  rate,  pressure  and  fluid  temperature  on  the  test 
data  sheet  as  1.4.1.1.(b).  Decrease  the  flow  rate  until  the  pressure  at  port  P 
is  1/3  the  reading  recorded  as  1.4. 1.1. (a)  and  record  the  flow  rate,  pressure, 
and  temperature  on  the  test  data  sheet  as  I.4.I.I.  (r:) . 

1.4. 1.2  Repeat  Che  procedure  of  1.4. 1.1  with  the  valve  spool  in  the  spool-out 
position  except  use  the  initial  pressure  measured  with  the  spool  out  [recorded 
on  the  data  sheet  as  1.4. 1.2.  (a)]  as  Che  basis  for  the  flow  measurements  at  2/3 
and  1/3  of  this  initial  pressure  measurement.  Record  these  measurements  on  the 
test  data  sheet  as  1.4.1.2.(b)  and  1.4. 1.2. (c)  respectively. 


1.4. 1.3  Repeat  Che  procedure  of  1.4. 1.1  and  1.4. 1.2  with  Che  output  of  the 
hydraulic  test  system  connect  Co  port  T  and  all  other  ports  (including  port  P) 
connected  Co  the  reservoir,  measuring  Che  flow  in  all  three  spool  positions  as 
shown  in  Table  1.  Repeat  this  measurement  process  using  each  of  the  valve  work 
ports,  A  &  B,  as  the  pressvire  input  as  shown  in  Table  1.  Record  all  measurement 
data  on  Che  test  data  sheet  as  1.4. 1.3  through  1.4.1.11  as  indicated  by  Table  1. 

1.4.2  VALVE  LEVER  FORCE  TESTS  Set  the  hydraulic  test  system  Co  provide  a  flow 
of  3  GPM  with  pressure  limited  to  650  psig  using  a  bypass  pressure  relief  valve. 
Connect  the  test  valve's  pressure  port  to  the  hydraulic  test  system  output, 
energize  the  test  system  with  the  test  valve  spool  centered  (flow  into  valve 
blocked)  and  measure  and  record  the  maximum  force  required  to  pull  (or  push)  the 
manual  lever  to  the  spool- in  position.  Repeat  the  procedure  to  measuure  the 
force  required  to  move  the  spool  from  the  centered  to  the  spool-out  position. 
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FIGURE  1.  TEST  SET-UP 


TABLE  1 .  FLOW  PATH  MEASUREMENTS 


PRESSURE  _ FLOW  PATH  MEASURED 

APPLIED  SPOOL 

TO  PORT  CENTERED 


SPOOL 

IN 

SPOOL 

OUT 

PtoA 

PtoB 

Tto  B 

Tto  A 

A  to  T&B 


BtoT&A 


A  to  P 


BtoT 


AtoT 


BtoP 
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HYDRAULIC  VALVE  BENCH  TEST  DATA  SHEET 


TEST  PERFORMED  BY  _  DATE _ 

HYDRAULIC  FLUID  USED: 

MANUFACTURER  _  PRODUCT  DESIGNATION  _ 

NOMINAL  VISCOSITY:  100  DEG  F  _ SUS  210  DEG  F  _ SUS 


EQUIPMENT  USED  FOR  MEASUREMENTS  TRACEABLE  TO  N.I.S.T 
0-50  PSIG  PRESSURE  MEASUREMENT  DEVICE: 

MFR. _  MODEL _  CALIBRATION  DATE _  ASSET  NO. 

0-2000  PSIG  PRESSURE  MEASUREMENT  DEVICE: 

MFR. _  MODEL _  CALIBRATION  DATE _  ASSET  NO. 

FLUID  FLOW  MEASUREMENT  DEVICE: 

MFR. _  MODEL _  T\LIBRATION  DATE _  ASSET  NO. 

FLUID  TEMPERATURE  MEASUREMENT  DEVICE: 

MFR. _  MODEL _  CALIBRATION  DATE _  ASSET  NO. 

FORCE  MEASUREMENT  DEVICE: 

MFR. _  MODEL _  CALIBRATION  DATE _  ASSET  NO. 


FLOW  TEST  DATA 


1.4. 1.1 

PRESSURE 

AT  PORT  P, 

SPOOL  IN, 

FLOW  P  to  A: 

(a) 

(b) 

(c) 

FLOW 

GPM 

_GPM 

GPM 

PRESSURE 

'PSIG 

"pSIG 

PSIG 

TEMPERATURE 

'deg  F 

~DEG  F 

DEG  F 

1.4. 1.2 

PRESSURE 

AT  PORT  P, 

SPOOL  OUT,  FLOW  P  to  B: 

(a) 

(b) 

(c) 

FLOW 

GPM 

GPM 

GPM 

PRESSURE 

PSIG 

PSIG 

PSIG 

TEMPERATURE 

DEG  F 

DEG  F 

DEG  F 

tm 

3RATION 
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1.4. 1.3 

PRESSURE  AT  PORT 

T. 

SPOOL  CENTERED,  FLOW  T  to 

A&B: 

(a) 

(b) 

(c) 

FLOW 

_GPM 

GPM 

GPM 

PRESSURE 

“PSIG 

PSIG 

“PSIG 

TEMPERATURE 

"deg  F 

DEG  F 

"deg  F 

HYDRAULIC 

VALVE  TEST  DATA  SHEET  (CONT'D) 

1.4. 1.4 

PRESSURE  AT  PORT  T, 

SPOOL  IN,  FLOW  T  to  B: 

(a) 

(b) 

(c) 

FLOW 

GPM 

GPM 

GPM 

PRESSURE 

‘PSIG 

PSIG 

>SIG 

TEMPERATURE 

"deg  F 

DEG  F 

]|deg  F 

1.4. 1.5 

PRESSURE  AT  PORT 

T. 

SPOOL  OUT,  FLOW  T  to  A; 

(a) 

(b) 

(c) 

FLOW 

GPM 

GPM 

GPM 

PRESSURE 

"pSIG 

PSIG 

"PSIG 

TEMPERATURE 

"deg  F 

DEG  F 

^DEG  F 

1.4. 1.6 

PRESSURE 

AT  PORT  A, 

SPOOL  CENTERED,  FLOW  A  to 

T&B: 

(a) 

(b) 

(c) 

FLOW 

GPM 

GPM 

GPM 

PRESSURE 

‘pSIG 

PSIG 

"PSIG 

TEMPERATURE 

"deg  F 

DEG  F 

"deg  F 

1.4. 1.7 

PRESSURE 

AT  PORT  A, 

SPOOL  IN,  FLOW  A  to  P: 

(a) 

(b) 

(c) 

FLOW 

GPM 

GPM 

GPM 

PRESSURE 

"PSIG 

PSIG 

'PSIG 

TEMPERATURE 

]deg  F 

DEG  F 

[deg  F 

1.4. 1.8 

PRESSURE 

AT  PORT 

A, 

SPOOL  OUT,  FLOW  A  to  T: 

(a) 

(b) 

(c) 

FLOW 

GPM 

GPM 

GPM 

PRESSURE 

"PSIG 

PSIG 

'PSIG 

TEMPERATURE 

'deg  F 

DEG  F 

'deg  F 

1.4. 1.9 

PRESSURE 

AT  PORT 

B, 

SPOOL  CENTERED,  FLOW  B  to 

T&A: 

(a) 

(b) 

(c) 

FLOW 

GPM 

GPM 

GPM 

PRESSURE 

'pSIG 

PSIG 

'PSIG 

TEMPERATURE 

‘deg  F 

DEG  F 

'deg  F 

HYDRAULIC  VALVE  TEST  DATA  SHEET  (CONT’D) 


1.4.1.10 

PRESSURE 

AT  PORT  B. 

SPOOL  IN. 

FLOW  B  to  T 

FLOW 

PRESSURE 

TEMPERATURE 

(a) 

GPM 
‘PSIG 
'deg  F 

(b) 

GPM 
"PSIG 
"deg  F 

GPN 
■PSIG 
DEG  F 


1.4.1.11 

PRESSURE 

AT  PORT  B, 

SPOOL  OUT, 

,  FLOW  B  to  P 

(a) 

(b) 

FLOW 

GPM 

GPM 

PRESSURE 

'PSIG 

'psig 

TEMPERATURE 

'deg  F 

'deg  F 

GPM 
PSIG 
DEG  F 


1.4.2  LEVER  FORCE  TESTS 

(a)  LEVER  MOVEMENT  FROM  SPOOL- CENTERED  TO  SPOOL- IN:  _ LBS  MAX 

(b)  LEVER  MOVEMENT  FROM  SPOOL- CENTERED  TO  SPOOL  OUT:  _ LBS  MAX 


1.4.3  2000  PSIG  PROOF  PRESSURE  TEST 

VERIFY  NO  VALVE  DAMAGE  PASS  FAIL 
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2.0  HYDRAULIC  VALVE  VERIFICATION  TEST 


2.1  PURPOSE  The  purpose  of  this  test  is  Co  evaluate  the  operational 
perfomance  of  a  new  type  of  steering  mode  selector  valve  being  considered  as  a 
replacement  for  the  obsolete  type  used  in  a  20  Ton  Rough  Terrain  Crane,  Model 
N2380.  The  test  is  intended  to  demonstrate  operational  performance  of  Che  new 
valve  being  installed  in  Che  Model  M2380  crane  as  well  as  expose  any  unpredicted 
crane  steering  system  deficiencies  resulting  from  the  use  of  the  new  type  valve. 
Performance  of  this  verification  test  will  ensure  acceptable  valve  results  when 
the  modified  crane  is  subjected  to  the  contractually  required  functional  test. 
All  of  the  below  tests  are  performed  with  the  crane  carrier  transmission  in 
neutral  position. 

2.2  INITIAL  LEAKAGE  TESTS  Prior  to  starting  the  crane  carrier  engine,  place 
the  steering  mode  selector  in  the  FRONT  STEER  mode.  Start  the  crane  carrier 
engine  and  allow  Che  engine  to  idle  for  one  minute  wh  Le  observing  Che  steering 
mode  selector  valve  for  fluid  leakage.  If  any  leakage  is  observed  shut  down  the 
engine  and  repair  the  leak  before  proceeding.  Repeat  this  step  if  a  leak  was 
repaired. 

Place  the  steering  mode  selector  in  the  OBLIQUE  STEER  mode  and  allow  the  engine 
to  idle  for  one  minute  while  observing  the  steering  mode  selector  valve  for  fluid 
leakage.  If  any  leakage  is  observed  shut  down  the  engine  and  repair  the  leak 
before  proceeding.  Repeat  this  step  if  a  leak  was  repaired. 

With  the  carrier  engine  at  idle,  observe  the  steering  mode  selector  valve  for 
signs  of  leakage  while  purging  the  hydraulic  system  of  air  by  alternately  turning 
the  carrier  steering  system  to  its  left  and  right  limits  at  least  four  time  in 
each  direction.  If  any  leakage  is  observed  shut  down  Che  engine  and  repair  the 
leak  before  proceeding.  Repeat  this  step  if  a  leak  was  repaired.  Verify  that 
the  rear  wheels  move  in  the  same  direction  as  the  front  wheels. 

VERIFY  NO  LEAKAGE  OCCURS  PASS  FAIL 


VERIFY  CORRECT  REAR  WHEEL  MOTION  PASS  FAIL 


2 . 3  FULL  PRESSURE  LEAKAGE  TEST  With  the  steering  mode  selector  valve  in  the 
4-WHEEL  STEER  position  and  the  steering  system  near  its  left  turn  limit  verify 
the  rear  wheels  have  moved  in  the  direction  opposite  the  front  wheels.  Increase 
the  engine  speed  to  full  throttle  (2800  RPM) .  Allow  the  engine  to  continue  at 
2800  RPM  for  one  minute  while  observing  the  steering  mode  selector  valve  for 
signs  of  fluid  leakage.  Return  the  engine  speed  to  idle  and  place  the  steering 
system  near  its  right  turn  limit.  Increase  the  engine  RPM  to  2800  for  one  minute 
while  observing  the  steering  mode  selector  valve  for  leakage. 

VERIFY  CORRECT  REAR  WHEEL  MOTION  PASS  FAIL 


VERIFY  NO  LEAKAGE  OCCURS  PASS  FAIL 
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2.4  STEERING  MODE  SWITCHING  TESTS  With  the  steering  mode  selector  in  the 
FRONT  STEER  position  and  the  steering  system  in  the  hard  right  position,  increase 
the  engine  speed  to  a  nominal  2800  RPH  as  indicated  by  the  crane  tachometer. 
Change  the  steering  mode  selector  to  the  4-UHEEL  STEER  position  while  maintaining 
the  2800  engine  RPM.  Verify  rear  wheel  position  change  specified,  then  return 
the  engine  speed  to  idle.  Repeat  this  procedure  for  each  of  the  conditions  b. 
through  p.  shown  below. 


FRONT 

STEERING 

STEERING  MODE  CHANGE 

REAR  WHEEL  CHANgE 

POSITION 

FROM 

12 

FROM 

XQ 

a. 

HARD 

RIGHT 

FRONT  STEER 

4-WHEEL  STEER 

STRAIGHT 

HARD  LEFT _ 

b. 

HARD 

RIGHT 

4 -WHEEL  STEER 

FRONT  STEER 

HARD  LEFT 

STRAIGHT _ 

c. 

HARD 

LEFT 

FRONT  STEER 

4 -WHEEL  STEER 

STRAIGHT 

HARD  RIGHT _ 

d. 

HARD 

LEFT 

4 -WHEEL  STEER 

FRONT  STEER 

HARD  RIGHT 

STRAIGHT _ 

e . 

HARD 

LEFT 

FRONT  STEER 

OBLIQUE  STEER 

STRAIGHT 

HARD  LEFT _ 

f. 

HARD 

LEFT 

OBLIQUE  STEER 

FRONT  STEER 

HARD  LEFT 

STRAIGHT _ 

g- 

HARD 

RIGHT 

FRONT  STEER 

OBLIQUE  STEER 

STRAIGHT 

HARD  RIGHT _ 

h. 

HARD 

RIGHT 

OBLIQUE  STEER 

FRONT  STEER 

HARD  RIGHT 

STRAIGHT _ 

i. 

HARD 

RIGHT 

FRONT  STEER 

4 -WHEEL  STEER 

STRAIGHT 

HARD  LEFT _ 

j- 

HARD 

RIGHT 

4 -WHEEL  STEER 

FRONT  STEER 

HARD  LEFT 

STRAIGHT _ 

k. 

HARD 

LEFT 

FRONT  STEER 

4 -WHEEL  STEER 

STRAIGHT 

HARD  RIGHT _ 

1. 

HARD 

LEFT 

4 -WHEEL  STEER 

FRONT  STEER 

HARD  RIGHT 

STRAIGHT 

m. 

HARD 

LEFT 

FRONT  STEER 

OBLIQUE  STEER 

STRAIGHT 

HARD  LEFT _ 

n. 

HARD 

LEFT 

OBLIQUE  STEER 

FRONT  STEER 

HARD  LEFT 

STRAIGHT _ 

0  . 

HARD 

RIGHT 

FRONT  STEER 

OBLIQUE  STEER 

STRAIGHT 

HARD  RIGHT _ 

P- 

HARD 

RIGHT 

OBLIQUE  STEER 

FRONT  STEER 

HARD  RIGHT 

STRAIGHT 

After  completion  of  these  tests  inspect  the  valve  for  evidence  of  leakage. 
VERIFY  NO  LEAKAGE  OCCURS  PASS _  FAIL _ 
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3.0  HYDRAULIC  VALVE  FUNCTIONAL  TEST 


3.1  PURPOSE  The  purpose  of  this  test  is  to  perform  the  contractually  required 
functional  test  which  will  demonstrate  the  acceptable  performance  of  the 
replacement  steering  mode  selector  valve  installed  on  the  20-Ton  Rough  Terrain 
Crane,  Model  M2380.  The  valve  has  been  selected  to  replace  the  original 
equipment  steering  mode  selector  valve  which  is  no  longer  manufactured. 


3.2  VALVE  TEST  REQUIREMENT  The  contractual  requirement  governing  this  test  is 
documented  in  the  statement  of  work  (SOW)  paragraph  3.2.C  on  contract  no.  DAAK70- 
92-D-0002,  task  order  no.  0001,  Protot3rping/Engineering  Services  For  20-Ton  Rough 
Terrain  Crane.  The  SOW  requirement  is: 

"The  hydraulic  valve  functional  test  shall  be  conducted  after  the 
hydraulic  valve  is  installed  on  the  vehicle  and  shall  consist  of  the 
vehicle  being  driven  in  forward  first  gear  at  full  throttle  while 
switching  into  each  rear  steering  mode.  The  test  will  last  about  15 
minutes  during  which  time,  the  rear  steer  mode  will  be  changed  about 
every  minute.  The  valve  would  then  be  inspected  for  leakage." 


3.3  TEST  SITE  PREPARATION  A  level  area,  clear  of  obstructions  and  at  least 
500  feet  by  200  feet,  is  required  to  provide  adequate  space  to  maneuver  the  crane 
and  allow  it  to  move  at  full  throttle  in  the  oblique  steering  mode  for  period  of 
one  minute.  Place  two  40-foot  radius  half  circles  of  5  pylons  approximately  32 
feet  apart  as  shown  in  Figure  2.  Place  4  additional  pylons  approximately  45  ft 
from  the  ends  of  the  half  circles  as  shown  in  Figure  2. 


3.4  TEST  PROCEDURE  Position  the  crane  with  its  steering  centered  on  the  test 
track  at  the  starting  position  shown  in  Figure  2.  Place  steering  mode  selector 
valve  in  the  OBLIQUE  STEER  position.  Place  the  transmission  in  forward  first 
gear  and  drive  the  crane  at  full  throttle.  When  sufficiently  clear  of  pylon  A, 
steer  to  the  left  on  a  path  that  will  allow  the  crane  to  pass  to  the  left  of 
pylon  B.  Upon  reaching  pylon  B,  center  the  steering  and  switch  to  the  4-WHEEL 
STEER  mode  while  in  the  45  foot  straight  section.  Then  follow  the  right 
semicircular  path  defined  by  the  pylons.  While  in  the  straight  section 
approaching  pylon  C,  center  the  steering  and  switch  to  the  OBLIQUE  steering  mode. 
After  clearing  pylon  C,  steer  to  the  right  following  a  path  that  will  pass  to  the 
right  of  pylon  D.  Upon  reaching  pylon  D,  center  the  steering  and  switch  to  the 
4-WHEEL  STEER  mode.  Follow  the  left  semicircular  path  defined  by  the  pylons. 
Then,  while  in  the  45  foot  straight  section  approaching  the  starting  point, 
switch  back  to  the  OBLIQUE  STEER  mode.  Continue  past  the  starting  point  and  make 
three  additional  complete  circuits  following  the  procedure  just  described.  After 
completing  the  forth  circuit,  stop  the  crane  and  allow  the  engine  to  cool  at  idle 
for  at  least  5  minutes.  After  shutting  down  the  engine,  inspect  the  steering 
mode  selector  valve  for  signs  of  fluid  leakage. 

VERIFY  NO  LEAKAGE  PASS  _ FAIL 
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TEST  TRACK  CIRCUIT  PLAN  FOR  STEERING  MODE  SELECTOR  VALVE  TEST 

FIGURE  a 


APPENDIX  D 


HYDRO-MECHANICAL  SYSTEMS,  INC. 
FRONT  AXLE  PRICE  QUOTATION 


Hydro-Mechanical  Systems,  Inc. 
p.  o.  BOB  aa 

611  OUB4  OmVB  •  BUM.  «a 
WnrvitkB.  Ncwr  jnMar  oaoaa 
(6061  646^666 


9  February  1993 

nr.  Jeff  Klein 
Department  of  the  Army 

Belvoir  Raeaerch,  Development  and  Engineering  Center 
Fort  Belvoir,  VA  22060-5606 


Dear  Jeff: 

We  have  finalized  our  evaluation  of  the  military's  request  to  reactivate 
and  service  Clark-Hurth  part  number  190172.  This  is  a  DSD~33650  model  axle 
supplied  to  Aeerican  Heist  several  years  ago.  Hany  of  the  part  nuabers  used 
to  build  this  axle  are  obsolete  and  are  no  lopger  available  currently. 

Our  initial  review,  shows  that  Clark-Hurth  can  and  will  reactivate  this 
axle  provided  a  minimus  quantity  of  twenty  (20)  axles  are  purchased  initially. 
The  axle  part  number  and  the  service  parts  will  chan  reaain  aetive  aa  long  as 
we  continue  to  receive  requirements  for  each  of  the  part  nuabers  for  any 
quantity  within  the  subsequent  two-year  period.  Any  part  number  without 
activity  within  that  two-year  period  will  reaain  available  but  under  revised 
quantity  and  price  buy  volumes. 

The  price  to  the  Amy  (TACOM)  for  the  axle  will  be  •38*379.00  each  F.O.B. 
Heatvilla,  HJ  with  delivery  in  ISO  days.  Once  again,  if  the  program  is 
reactivated  then  all  service  parts  will  remain  active  as  long  as  there  are 
requirements  within  the  two-year  period.  One  of  the  maxn  underlying  reasons 
for  reinstituting  this  axle  packaga  is  parts  serviceability  and  complete  axle 
refurbishment  in  the  future.  This  will  subsequently  prove  to  be  far  If^ss 
costly  than  complete  axle  replacement. 

Payment  of  60S.  of  the  purchase  price  is  required  at  time  order  is  placed 
and  the  balance  due  30  days  after  shipment. 

We  along  with  Clark-Hurth  will  start  working  on  this  project  as  soon  as 
we  receive  an  order.  We  will  also  have  reactivated  all  the  service  part 
numbers  and  establish  parts  prices  at  that  time. 

If  you  have  questions,  please  give  me  a  call  at  £09-040*8888. 

Respectfully, 

Steven  H.  Rosenbloom 
Director  of  Special  Projects 
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APPENDIX  F 


VERIFICATION  TEST  RESULTS 
OF 

RESTORED  M2380  CRANE 


2.0  HYDRAULIC  VALVE  VERIFICATION  TEST 


2.1  PURPOSE  The  purpose  of  this  test  Is  to  evaluate  the  operational 
performance  of  a  new  type  of  steering  mode  selector  valve  being  considered  as  a 
replacement  for  the  obsolete  type  used  In  a  20  Ton  Rough  Terrain  Crane,  Model 
M2380.  The  test  is  Intended  to  demonstrate  operational  performance  of  the  new 
valve  being  Installed  in  the  Model  M2380  crane  as  well  as  expose  any  unpredlcted 
crane  steering  system  deficiencies  resulting  from  the  use  of  the  new  type  valve. 
Performance  of  this  verification  test  will  ensure  acceptable  valve  results  when 
the  modified  crane  is  subjected  to  the  contractually  required  functional  test. 
All  of  the  below  tests  are  performed  with  the  crane  carrier  transmission  in 
neutral  position. 

2.2  INITIAL  LEAKAGE  TESTS  Prior  to  starting  the  crane  carrier  engine,  place 
the  steering  mode  selector  in  the  FRONT  STEER  mode.  Start  the  crane  carrier 
engine  and  allow  the  engine  to  idle  for  one  minute  while  observing  the  steering 
mode  selector  valve  for  fluid  leakage.  If  any  leakage  is  observed  shut  down  the 
engine  and  repair  the  leak  before  proceeding.  Repeat  this  step  if  a  leak  was 
repaired. 

Place  the  steering  mode  selector  in  the  OBLIQUE  STEER  mode  and  allow  the  engine 
to  idle  for  one  minute  while  observing  the  steering  mode  selector  valve  for  fluid 
leakage.  If  any  leakage  is  observed  shut  down  the  engine  and  repair  the  leak 
before  proceeding.  Repeat  this  step  if  a  leak  was  repaired. 

With  the  carrier  engine  at  idle,  observe  the  steering  mode  selector  valve  for 
signs  of  leakage  while  purging  the  hydraulic  system  of  air  by  alternately  turning 
the  carrier  steering  system  to  its  left  and  right  limits  at  least  four  time  in 
each  direction.  If  any  leakage  is  observed  shut  down  the  engine  and  repair  the 
leak  before  proceeding.  Repeat  this  step  if  a  leak  was  repaired.  Verify  that 
the  rear  wheels  move  in  the  same  direction  as  the  front  wheels. 

VERIFY  NO  LEAKAGE  OCCURS  PASS  X  FAIL _ 

VERIFY  CORRECT  REAR  WHEEL  MOTION  PASS  FAIL _ 


2 . 3  FULL  PRESSURE  LEAKAGE  TEST  With  the  steering  mode  selector  valve  in  the 
4-WHEEL  STEER  position  and  the  steering  system  near  its  left  turn  limit  verify 
the  rear  wheels  have  moved  in  the  direction  opposite  the  front  wheels.  Increase 
the  engine  speed  to  full  throttle  (2800  RPM) .  Allow  the  engine  to  continue  at 
2800  RPM  for  one  minute  while  observing  the  steering  mode  selector  valve  for 
signs  of  fluid  leakage.  Return  the  engine  speed  to  idle  and  place  the  steering 
system  near  its  right  turn  limit.  Increase  the  engine  RPM  to  2800  for  one  minute 
while  observing  the  steering  mode  selector  valve  for  leakage. 

VERIFY  CORRECT  REAR  WHEEL  MOTION  ^  PASS  ><  FAIL _ 

VERIFY  NO  LEAKAGE  OCCURS  PASS  >C.  FAIL _ 
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2.4  STEERING  MODE  SWITCHING  TESTS^  With  the  steering  node  selector  in  the 
FRONT  STEER  position  and  the  steering  systea  in  the  hard  right  position,  increase 
the  engine  speed  to  a  nonlnal  2800  RFM  as  indicated  by  the  crane  tachometer. 
Change  the  steering  mode  selector  to  the  4>WHEEL  STEER  position  while  maintaining 
the  2800  engine  RFM.  Verify  rear  wheel  position  change  specified,  then  return 
the  engine  speed  to  idle.  Repeat  this  procedure  for  each  of  the  conditions  b. 
through  p.  shown  below. 


FRONT  STEERING  MODE  CHANGE  REAR  WHEEL  CHANCE 

STEERING 


ZQSlZIfili 

FROM 

1& 

FROM 

12 

a. 

HARO  RIGHT 

FRONT  STEER 

4-WHEEL  STEER 

STRAIGHT 

HARD  LEFT  X 

b. 

HARD  RIGHT 

4 -WHEEL  STEER 

FRONT  STEER 

HARD  LEFT 

STRAIGHT 

c. 

HARD  LEFT 

FRONT  STEER 

4 -WHEEL  STEER 

STRAIGHT 

HARD  RIGHTii 

d. 

HARD  LEFT 

4 -WHEEL  STEER 

FRONT  STEER 

HARD  RIGHT 

STRAIGHT _ X 

e. 

HARD  LEFT 

FRONT  STEER 

OBLIQUE  STEER 

STRAIGHT 

HARD  LEFT_^ 

f. 

HARD  LEFT 

OBLIQUE  STEER 

FRONT  STEER 

HARD  LEFT 

STRAIGHT 

s  • 

HARD  RIGHT 

FRONT  STEER 

OBLIQUE  STEER 

STRAIGHT 

HARD  RIGHTJS. 

h. 

HARD  RIGHT 

OBLIQUE  STEER 

FRONT  STEER 

HARD  RIGHT 

STRAIGHT  X 

i. 

HARD  RIGHT 

FRONT  STEER 

4-WHEEL  STEER 

STRAIGHT 

HARD  LEFT  X, 

j. 

HARD  RIGHT 

4-WHEEL  STEER 

FRONT  STEER 

HARD  LEFT 

STRAIGHT  X 

k. 

HARD  LEFT 

FRONT  STEER 

4-WHEEL  STEER 

STRAIGHT 

HARD  RIGHT_^ 

1. 

HARD  LEFT 

4 -WHEEL  STEER 

FRONT  STEER 

HARD  RIGHT 

STRAIGHT  X 

m. 

HARD  LEFT 

FRONT  STEER 

OBLIQUE  STEER 

STRAIGHT 

HARD  LEFT  X 

n. 

HARD  LEFT 

OBLIQUE  STEER 

FRONT  STEER 

HARD  LEFT 

STRAIGHT  X 

o. 

HARD  RIGHT 

FRONT  STEER 

OBLIQUE  STEER 

STRAIGHT 

HARD  RIGHT_X 

P- 

HARD  RIGHT 

OBLIQUE  STEER 

FRONT  STEER 

HARD  RIGHT 

STRAIGHT  yC 

After  completion  of  these  tests  Inspect  the  valve  for  evidence  of  leakage. 
VERIFY  NO  LEAKAGE  OCCURS  ^  PASS  FAIL _ 
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